Clostridium difficile associated diarrhoea has been an increasing problem in the last decade in the UK and is a cause of significant morbidity. At the most severe end of the spectrum it causes pseudomembranous colitis which has a significant associated mortality rate and can be refractory to standard treatments. Here we present three cases of proven pseudomembranous colitis in which systemic corticosteroids were used as an adjunct to treatment, raising the possibility of a new treatment option for this difficult condition.
Introduction
Clostridium difficile, first linked to diarrhoea and colitis following antibiotic therapy in the 1970s, is an anaerobic bacterium found in low numbers in approximately 4% of the healthy adult population [1, 2] . Clostridium difficile associated diarrhoea (CDAD) is a major health burden and the UK saw a year on year increase in infection rates, and deaths, from C. difficile until 2006 [3] . Rates have fallen since 2007 but it remains a significant cause of morbidity and mortality was involved in 1.1% of all deaths between 2006 and 2010 [4] .
Standard treatment (Table 1) includes withdrawal of precipitating medications and treatment with oral vancomycin or metronidazole [5] . Newer treatments include immunoglobulins, vaccination, novel antibiotics and probiotics. Corticosteroids are mentioned in some older textbooks as a treatment for CDAD but there is very little evidence to support this. We found one case report of a child with severe pseudomembranous colitis in which steroids were successfully used as an adjunct to established therapy [6] . Here we describe three cases of recurrent Clostridium difficile infection with endoscopically confirmed pseudomembranous colitis and their response to corticosteroid treatment.
Case Report

Case 1
A 54-year-old female presented with Clostridium difficile associated diarrhoea (CDAD) following a course of flucloxacillin in the community. On initial assessment she fell into the moderate category for CDAD (Table 1) , and was managed with a 10 day course of oral metronidazole with good clinical response. Ten days after completion of her initial treatment, she represented with watery diarrhoea and abdominal pain with a positive test for C. difficile stool toxin (CDT). Due to the lack of clinical response to treatment, high C reactive protein (CRP, 149 mg/L, normal < 5 mg/L) and continued diarrhoea, she proceeded to CT abdomen. This showed left colonic bowel wall thickening suggestive of colitis, placing her in the severe category for classification of CDAD (Table 1) .
Despite treatment with vancomycin and metronidazole her clinical condition deteriorated by day 4, with development of pyrexia (38.5 °C), tachycardia (125 bpm) and increasing inflammatory markers (CRP 236). Flexible sigmoidoscopy confirmed pseudomembranous colitis both macroscopically and histologically. Metronidazole was discontinued and she was commenced on intravenous hydrocortisone 100 mg four times per day (qds) with oral vancomycin 125 mg qds. Within a further 2 days stool frequency had reduced to 3 times per day, she was apyrexial (36.4 °C), heart rate had normalised (64 bpm) and inflammatory markManuscript accepted for publication September 27, 2012 a ers were reducing (CRP 132). After nine days of intravenous hydrocortisone and oral vancomycin her bowel frequency was once a day, CRP was 15, the patient was apyrexial and heart rate was 59 bpm.
She was discharged on 30 mg prednisolone once daily followed by a slowly reducing regimen. Repeat endoscopy 1 month after initial sigmoidoscopy was normal and outpatient follow up at 5 months confirmed sustained clinical response.
Case 2
Our second case was a 73 year old female with multiple admissions due to Clostridium difficile associated diarrhoea. She initially presented with moderate-severe CDAD ( Table  1) following a course of flucloxacillin in the community and was successfully treated with a ten day course of Metronidazole 400 mg tds. She re-presented one week after discharge, with features of moderate CDAD, and was again successfully treated, this time with ten days of oral vancomycin 125 mg qds.
Her third presentation was ten days after last discharge but on this occasion with pyrexia (38.6 °C), tachycardic (117 bpm) and raised inflammatory markers (CRP 87). She was prescribed oral vancomycin 125 mg qds but due to slow clinical response proceeded to flexible sigmoidoscopy on day 8. Endoscopy showed a classic pseudomembranous appearance, with multiple plaques from the rectum to the distal sigmoid (Fig. 1) . In view of the findings corticosteroid treatment was added to her antibiotic therapy. At the time of commencing steroid treatment she was pyrexial (37.6 °C), tachycardic (114 bpm) and had raised inflammatory markers (CRP 112). Two days after commencing steroids her stool frequency normalised, she was apyrexial, heart rate was 90 bpm and inflammatory markers were reduced (CRP 6.6). She received 30 mg prednisolone for 7 days, followed by a slow reducing dose and completed a reducing course of vancomycin over 2 weeks. By day 14 of the final admission she had a complete clinical response and had no further relapses.
Case 3
This 91-year-old female presented with moderate severity CDAD (Table 1) following a course of co-amoxiclav in the community and was commenced on oral metronidazole 400 mg tds. Despite ten days of Metronidazole her diarrhoea persisted although the patient was apyrexial (36.5 °C) with normal heart rate (58 bpm) and near normal inflammatory markers (CRP 11.2). She was then given a prolonged course of oral vancomycin 125 mg qds but her diarrhoea persisted so flexible sigmoidoscopy was performed. At the time of sigmoidoscopy the patient had no markers of severe disease although inflammatory markers were raised (CRP 25).
Flexible sigmoidoscopy confirmed pseudomembranous colitis so oral corticosteroids were commenced in addition to vancomycin treatment. Prednisolone 30 mg was given once daily for fourteen days with no gradual reduction, 125 mg Vancomycin qds was given initially, reduced to tds after one week, bd after another week and od for the last week. Within 3 days of starting corticosteroids her stool was formed and inflammatory markers had reduced (CRP 3.2). There were no subsequent episodes of CDAD.
Discussion
We have presented three cases with typical histories for the development of C. difficile diarrhoea whose clinical course was complicated by pseudomembranous colitis. In all 3 cases corticosteroids were used as an adjunct to standard antibiotic therapy and whilst there is heterogeneity in both their clinical pictures, and the doses of steroids used, an improvement was seen following the addition of steroid therapy. The patients may have improved without steroids but in each case a significant clinical response was seen within 3 days of steroids starting. These cases highlight the importance of investigating for pseudomembranous colitis in patients not responding to treatment for C. difficile diarrhoea and raise the possibility of using steroids, in addition to antibiotics, for pseudomembranous colitis.
Clostridium difficile (C. difficile) is a spore forming, anaerobic, Gram positive bacillus which causes mucosal damage via the release of two toxins, A and B. Toxin A loosens epithelial cell junctions and is both enterotoxic and cytotoxic. Toxin B is a potent cytotoxin and causes breakdown of the cytoskeleton. As well as their cytotoxic effects the toxins induce cytokine production causing a marked inflammatory response [7] .
Over the last 12 years, the incidence of CDAD has risen sharply and this has coincided with the recognition of a hypervirulent strain of Clostridium difficile. Ribotype 027 is the dominant hypervirulent strain and these strains result in more severe disease with higher relapse and mortality rates. This more severe pattern of disease is thought to be due to a combination of production of a binary toxin (in addition to toxin A and B), increased spore formation, increased adherance to human intestinal epithelial cells and resistance to fluroquinolones and erythromycin [8] .
C. difficile can be carried asymptomatically or cause disease ranging from mild diarrhoea to fulminant colitis. Carriage rates in the general population are 3%, but as high as 20% in hospitalised patients [9] . There were over 50,000 cases in England in 2007 and the U.S.A has seen a 23% annual increase in cases with a doubling of case fatality rates [5, 10] . Up to 25% of affected patients may develop pseudomembranous colitis and 1-3% progress to fulminant colitis [11, 12] . The overall case mortality of C. difficile associated disease has been reported as 2.2% but rises to 24% in fulminant colitis treated with colectomy, reaching 45% for those managed conservatively [5, 13] .
Current treatment for established C. difficile diarrhoea follows the principals of supportive care, withdrawing offending antibiotics and Metronidazole or Vancomycin to eradicate C. difficile [5] . In most cases this will produce a quick response but some patients will have a more refractory course. To date research into newer treatments has focused on toxin binding (Anion resins, Immunoglobulins), improved host immune response (vaccination), alternative antibiotics (Rifaxamin, Nitazoxanide, OPT-80, Tinidazole) and altering gut flora (probiotics, faecal bacteriotherapy) [14] . These treatments may help reduce inflammation they do not target the process directly. Patients with pseudomembranous colitis have a marked inflammatory response in the colonic mucosa with some histological similarities (epithelial necrosis and neutrophil infiltration) to inflammatory bowel disease (IBD) where steroids are widely used.
Steroids were commonly used in the treatment of pseudomembranous colitis prior to the identification of C. difficile as the causative agent. A case series from 1976 found their use in up to 47% of cases with reported good efficacy [15, 16] . However, despite this early enthusiasm, modern use is limited, with only one contemporary case in the literature. Cavagnaro successfully used i.v. Methylprednisolone followed by oral Prednisolone, as an adjunct to standard therapy, in a 5-year-old with severe pseudomembranous colitis [6] . This is supported by experimental data where glucocorticoids modulate the inflammatory process in rats with C. difficile enteritis, whilst conversely a lack of endogenous steroid causes a more severe disease [17] . Steroids have multiple actions which include blocking cytokine production, reducing leucocyte accumulation and antagonising neutrophil adhesion and macrophage function [18] . C. difficile toxins promote cytokine release (IL-6, IL-8, IL-1β) and neutrophil recruitment leading to an inflammatory response and it is conceivable steroids may modulate this effect [19] .
However a more recent study from 2010 found a sig- nificantly increased CDAD associated mortality in patients treated with concomitant glucocorticoids for other indications when compared to patients with CDAD not on glucocorticoids. Although in this series cause of mortality was sepsis in 18% of cases and not necessarily directly related to Clostridium difficile infection. A counterpoint to this study is given by the literature relating to inflammatory bowel disease and Clostridium infection. Enteric infection (including C. difficile) can be found as the precipitant of flares of IBD in around 10% of cases [20] . In these patients, treatment with corticosteroids is not associated with a worse clinical outcome, suggesting they may also be safe in the wider context of CDAD [21] .
Whilst this small case series cannot form the basis for a change in practice it suggests there may be a larger role for the use of steroids in pseudomembranous colitis and further studies may be warranted to look at this in more detail.
